Since the disclosure of the first penem synthesis by Woodward1},many research groups have prepared variously substituted penems, including derivatives bearing hetero-substituents at C-2. Whereas the vast majority of these have been sulfur derivatives2~6), analogous to the naturally occurring thienamycin and a few 2-oxy-substituted penems have been synthesized70 , no nitrogen derivatives have yetf been described.
In continuation of our studies in the 2-(heterocyclyl)alkyl series8>9) , we decided to concentrate on penems 1 and 2, featuring an azole heterocycle directly linked to the penem nucleus through a ring nitrogen (Scheme 1).
In contrast to their unreactive dialkylamino homologuesn, the azolyl-dithiocarbamates 7 proved to be good substrates for the Wittig ring closure. Depending on the nature of the heterocycle, these key compounds7 were arrived at by different pathways (Scheme 2). The 4-acetoxyazetidinone 310) was reacted with potassium 1-pyrrolyldithiocarbamate 4an) (1.5 equiv, step sequence of the phosphorane synthesis13~15) led to the precursors 7a, 7b for the Wittig cyclization reaction. This sequence was unsuitable for the imidazolyl homologue 7c.
An alternative pathway was based on the acylation of the key silver thiolate 616) with thiocarbonyldiimidazole (2 equiv, CH2C12, 2.5 hours, 0°C) to give phosphorane 7c (65% yield) :
IR(CH2C12) 1750, 1615 cm"1. Derivatives 7b, 7d~7f were obtained analogously through the reaction of 6 with thiocarbonyl-dipyrazole17), -dibenzimidazole170 and di-(4-methyl)imidazolet. Phosphorane 7c proved to be a suitable substrate for azole exchange reactions, as shown by the conversion 7c->7b, 7e~7i. It reacted, for instance, with 4-methylpyrazole (3 equiv, DMF, 18 hours, room temp) to give phosphorane 7i (87 % yield).
The 3-(r-i?-hydroxyethyl)phosphoranes 10b, lOd, lOh were synthesized through a similar reaction from phosphorane 10c, which was obtained from silver thiolate 918) and thiocarbonyldiimidazole (Scheme 3). Roberts, pp. 100-115, The Chemical Society
